This study was conducted to evaluate the effect of L-carnitine on gentamicin-induced nephrotoxicity and anaemia in adult male albino rats. A control group (saline, group I, n = 21) was compared with rats administrated 80 mg/kg gentamicin, once daily for 10 days (groups II, n = 49). After 10 days 7 rats from each group were sacrificed for investigation. The remaining of normal control rats was served as normal control group (Group 1) (14 rats), while 42 nephrotoxic rats subdivide in to: Subgroup 2 (control 2): Nephrotoxic rats (14 rats). Subgroup 3: Nephrotoxic rats were injected intraperitoneal with L-carnitine (300 mg/kg/day) for 15 and 30 days (14 rats). Subgroup 4: Nephrotoxic rats were injected intraperitoneal with L-carnitine (600 mg/kg/day) for 15and30 days (14 rats). At the end of each experiment period, 7 rats from each groups were sacrificed. The effect of L-carnitine (group III and IV) was compared. The activities of biochemical parameters [urea, creatinine, β 2 -microglobulin, potassium (K), total oxidant status (TOS)] and [iron (Fe), total iron binding capacity (TIBC) and ferritin] increased in nephrotoxic rats, while total protein, sodium (Na) and total antioxidant status (TAS) decreased and in haematological parameters osmotic fragility increased but haemoglobin and red blood cells (RBCs) decreased in nephrotoxic rats. Administration of L-carnitine improved alterations of biochemical and haematological parameters. In conclusion, this study demonstrated that treatment with L-carnitine attenuated the biochemical and haematological alterations induced by gentamicin and identifies new areas of research for development of better therapeutic agents for kidney and better dose.
The major objective of this study was to investigate the possible ameliorating effect of L-carnitine against gentamicin-induced nephrotoxicity and some associated hematological changes in adult male albino rats and to exert the possible therapeutic role of L-carnitine depending on their antioxidant properities against the renal failure and its complication.
2.Materials and Methods

Drugs and Chemicals
Gentamicin sulfate was obtained from Memphis Co., for Pharm. and Chem. Ind.
(Cairo, Egypt). L-carnitine was supplied from Mepaco-Medifood Co. (Enshas Elraml, Egypt) . All other chemicals used were of good quality and analytical grade.
Animals
Seventy adult Male albino rats weighing 110-125 gm were selected for this study.
The animals were obtained from the animal house, Theodor Bilharz Research Institute (Giza, Egypt). The animals were housed in wire cages under good ventilation condition and adequate stable diet. At least a week before use, rats were acclimated to this environment with excess food pellets and water ad-libitum in order to ensure that all animals were in healthy condition. Experimental protocols were approved by scientific research practice committee at Theodor Bilharz Research Institute, Giza, Egypt.
Experimental Protocol
The animals were divided into two main groups:
Group 1: Rats in this group were injected with normal saline, intraperitoneally and served as a control (21 rats).
Group 2: Rats in this group were injected intraperitoneal with gentamicin (80 mg/ kg / day) for 10 days (Silan et al., 2007) (49 rats).
After 10 days 7 rats from each group were sacrificed by decapitation. Blood samples were collected after decapitation of rats. Then the remaining of normal control rats were served as normal control rats group (Group 1) (14 rats), while the remaining 42 nephrotoxic rats will further subdivide in to the following subgroups:
Subgroup 2 (control 2): Nephrotoxic rats receiving the corresponding placebo (14 rats). Subgroup 3: Nephrotoxic rats in this group were injected intraperitoneal with low dose of L-carnitine (300 mg/kg/day) for 15and 30 days (14 rats). Subgroup 4: Nephrotoxic rats in this group were injected intraperitoneal with high dose of L-carnitine (600 mg/kg/day) for 15and 30 days (14 rats).
At the end of each experiment period, 7 rats from each of the above groups were sacrificed by decapitation. Blood samples were collected after decapitation of rats.
One ml of blood was collected in sterile tube on potassium EDTA for hemogram by automated hematology analyzer ACT Differential (Beckman Coulter, France). The remaining blood sample were collected into tube and allowed to clot at room temperature. Thereafter, serum was separated by centrifugation at 1200_g for 15 min at 4 °C for determination of serum urea, creatinine and total protein by Hitachi 736, Hitachi, Japan. The rest of the sera were aliquoted, stored and kept frozen at -70°. Determination of sodium and potassium analysis was accomplished by emission flame photometry after suitable dilution as described by Dean (1960).
Determination of serum β 2 -microglobulin:
Serum β 2 -microglobulin was determined using the double-sandwich ELISA technique using commercial kits MyBioSource Co., USA as described by
Cunningham et al. (1973).
Evaluation of Erythrocyte Osmotic Fragility:
In vitro erythrocyte osmotic fragility was evaluated in all the rats in each group using the method described by Dacie and Lewis, (1995), using different amounts of sodium chloride (pH 7.4) from 0.0, 0.1, 0.3, 0.5, 0.7 and 0.9 g/L of distilled water.
Briefly, freshly obtained whole blood from each rat was pipetted into the test tubes containing varying concentration of NaCl and then followed by careful, gentle mixing and incubation for 30 minutes at room temperature, 26-28•C. The samples were then centrifuged at 600 g for 10 minutes. The supernatant was transferred into a glass cuvette and the absorbance of the supernatant measured colorimetrically with at a wave length of 540 nm. The percent haemolysis for each sample was calculated based on the formula; Percent haemolysis = Optical density of test solution x 100
Optical density of standard solution
Determination of Oxidative Stress Biomarkers (Redox data):-
1-Determination of total antioxidant status (TAS):
In this kit the reduced ABTS (2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonate) molecule is oxidized to ABTS
•+ , using hydrogen peroxide alone in an acidic medium.
In the acetate buffer solution the concentrated (dark blue-green) ABTS •+ molecules remain more stable for a long time. While it is diluted with a more concentrated acetate buffer solution at high pH, the color is spontaneously and slowly bleached. Antioxidants present in the sample accelerate the bleaching rate to a degree proportional to their concentrations. The bleaching rate is inversely related to TAS of the sample (Erel, 2004).
2-Determination of total oxidant status (TOS):
In this kit oxidants present in the sample oxidize the ferrous ion-o-dianisidine complex to ferric ions. The oxidation reaction is enhanced by glycerol molecules, which are abundant in the reaction medium. The ferric ions make a colored complex with xylenol orange in an acidic medium. The colour intensity, which can be measured by spectrophotometric, is related to the total quantity of oxidant molecules in the sample (Erel, 2005).
Determination of iron metabolism: 1-Determination of serum iron (Fe): Serum Fe was determined using kits from Bio-Labo. Co., France. according to the method described by Hennesy et al. (1984).
2-Determination of serum ferritin:
Serum ferritin was determined using the ELISA (sandwich enzyme-linked immune sorbent assay) using commercial kits Li Star Fish, Italy, described by Sukanya et al.
(1981).
3-Determination of total iron binding capacity (TIBC):
Serum TIBC was determined using kits from Bio-Labo. Co., France. according to the method described by Tietz et al. (1999).
3.Results and discussion
The serious complications resulting from gentamicin treatment are shown in table (1). The effects of low and high dose of L-carnitine on nephrotoxic rats are presented in tables 2, 3 and 4. eeT eennTit ler oT eTT n L-carnitine and different studied parameters are presented in table 5 Table ( Gentamicin-induced nephropathy is a limiting factor for its clinical usage. Results from many studies (Pedraza-Chaverri et al., 2004) have shown that gentamicin produced an elevation in the concentrations of biochemical indicators of kidney function such as serum urea, creatinine and total protein excretion in urine and elevation in β2-microglobulin concentration (Gonick, 2008) . Consistent with the data from these studies we observed in our study that urinary excretion of total protein was increased after gentamicin injection indicating tubular damage. On the other hand, urea and serum creatinine levels were augmented indicating glomerular damage. Damage to the proximal tubules leads to decreased reabsorptive capability and increased β2-microglobulin concentrations (Gonick, 2008) . Also, Adeyemi at al. (2001) reported that, appearance of β 2 -microglobulin in the urine depends on plasma β 2 -microglobulin elevation exceeding its renal reabsorptive threshold of 5mg/1 and/or from proximal tubular damage. Serum electrolyes were disturbed significantly in gentamicin treated rats as compared with normal control rats. Gentamicin may cause Na + loss due to hyper dynamic circulation which in turn leads to the observed Erythrocytes have been used extensively as a model system for investigating mechanisms of oxidative stress since these cells, lacking protein synthesis machinery and represent a simplified model (Battistelli et al., 2005) . In addition, The RBC is vulnerable to lipoperoxidative changes because of its direct association with molecular oxygen, high content of metal ions catalyzing oxidative reaction and availability of high amount of Polyunsaturated fatty acids (PUFA), which are susceptible to lipid peroxidation (Wadhwa et al., 2012) .
Oxidative stress which results from the generation of free radicals and alteration in free radical scavenging system is one of the complex factors that determine the integrity of the erythrocyte (Uzum et al., 2006) . Chidiebere et al.
(2011) showed that the destruction of RBCs is postulated to occur by either membrane oxidation or Hb denaturation. The oxidative modification of the erythrocyte membrane has been shown to increase the fragility of RBC. In our study the increase in the erythrocyte osmotic fragility in nephrotoxic rats confirmed the observation that this can be used as indirect method of evaluating lipid peroxidation in animals. Process of lipid peroxidation decreases hydrophobic characteristic of bilayer membrane of erythrocyte altering affinity and interaction of protein and lipids, thereby impairing the functioning and homoestasis of erythrocyte membranes (Ambali et al., 2010). Plasma levels of lipid peroxidation products correlate with the severity of renal anaemia (Horl, 2002) . Generation of oxygen free radicals may result in cross-linking within membrane proteins and/ or between membrane proteins and Hb. Protein degradation was found to be increased in RBC exposed to oxygen free radicals, with RBC morphological changes accompanying these structural alterations; echinocyte formation is a characteristic morphological change due to oxidant damage (Kusmic et al., 2000) . Mechanical stability of RBC membranes may also be influenced by oxidant attack, and instability may result from oxidative alterations in certain membrane skeletal proteins (Lin and Beiyi, 2008). It has been previously reported that oxidants can alter surface characteristics of RBC (Shi and Pamer, 2011), by a decreased cytoskeletal protein content and production of high-molecularweight proteins, which can lead to abnormalities in erythrocyte shape and rheologic properties (Battistelli et al., 2005) . Additionally, oxidative damage may affect the transport processes through the RBC membrane, affecting the cell geometry and cytosolic viscosity, accompanied by the alterations in the cytosolic concentration of cations. Calcium homeostasis is an important determinant of normal RBC deformability; increased cytosolic calcium concentration leads to impaired RBC deformability (Toptas et al., 2006) .
The data obtained from present study showed that gentamicin induced a significant increase in serum iron, ferritin and TIBC. In vivo, most of the iron is bound to heme and non heme proteins and does not directly catalyze the generation of the hydroxyl radical (Baliga et al., 1998) . The in vitro and in vivo studies indicate enhanced generation of hydrogen peroxide and release of iron in response to gentamicin. Based on the ability of superoxide to release iron from the iron-storage protein ferritin (which normally provides a secure mean for iron storage in the inert form), ferritin has been suggested as a possible source of iron for the generation of powerful oxidant species. Ferritin is an acute-phase reactant, its synthesis is upregulated by infection or inflammation ( Multiple independent pathways exist which converge in the increase of ferritin synthesis in response to various forms of oxidative insult. Ferritin, with its ability to oxidize and sequester intracellular iron in an internal mineral core, limits the levels of catalytically available iron, owing to the generation of free radicals, as a critical cytoprotective protein that constitutes an integral part of the antioxidant response (Traina, 2011) .
The knowledge of the mechanisms responsible for aminoglycosides-induced renal damage has prompted the development of potential strategies to prevent its nephrotoxicity (Reisfeld et al., 2011) . The most used strategies to prevent aminoglycosides toxicity have been: a) blocking aminoglycosides binding to membranes and aminoglycosides uptake; b) preventing phospholipidosis, c) reducing oxidative stress, d) antagonizing vasocontrictor effects; d) preventing inflammation 
2011).
In the present study L-carnitine was administered in low dose (300 mg/kg/day) and high dose (600 mg/kg/day) in order to provide some assurance that if no ameliorating effect of L-carnitine was identified, the lack of effect could not be ascribed to an inadequately small dose. Data revealed significant improvement in both urea and creatinine level which was dependently related to L-carnitine doses. The last authors reported that improvement seem to presumably be due to the amelioration of gentamicin induced oxidative injury to the tubular system. In current study, L-carnitine low and high dose induced a great improvement in serum Na + and K + levels. The improvement in serum Na + and K + levels dependently related to L-carnitine dose, this improvement might be due to L-carnitine had protective effect on lipid peroxidation by reducing formation of hydrogen peroxides and MDA, and it improved antioxidant status in rats. Moreover, it increased free radical scavenging from the cellular sites (Sener et al., 2004) .
Data of the present study revealed significant increase in TAS and decreases in TOS in rats treated with both low and high dose of L-carnitine. L-carnitine inhibits superoxide radicals, and reduces lipid peroxidation catalyzed by hydrogen peroxide. It is also proposed that L-carnitine can reduce the production of hydroxyl radicals generated by iron, because of its iron-chelating activity (Vanella et al., 2000) . 
